INTRODUCTION
In studies on the physiological ecology of bats the attention is paid mainly to explanation of the mechanisms responsible for a high metabolic rate during active flying, and high weight-specific basal metabolic rates (McNab, 1982) . Jurgens et al. (1981) studied the mechanisms of adaptation of bats to flying, especially the oxygen-carrying capacity of blood and conditions of gas exchange in bats with low body weight. The haematological parameters modifying directly the system of oxygen uptake and delivery in bats were investigated initially in the 1930s (Worth, 1932) and since that time the conditions of oxygen trańsport in certain bat species have become known (Grundboeck & Krzanowski, 1957; Sealander, 1964; Dunaway & Lewis, 1965; Davis et al., 1967; Valdivieso & Tamsitt, 1971; Caire et al., 1981) . A number of investigations were done on the haematological parameters in hibernating bats, that is at a time of greatly reduced oxygen requirements and decreased resistance (e.g. Krutzsch & Hughes, 1959; Jaeger, 1963; Bruce & Wiebers, 1971; Caire et al, 1981; Liang et al., 1984; Wołk & Bogdanowicz, 1987) . Besides that, Bassett & Wiederhielm (1984) reported postnatal changes in thie haematology of Antrozous pallidus (Le Conte, 1856). Our knowledge of these problems is, however, still incomplete (Riedesel, 1977) .
The purpose of the present study was to obtain the haematological parameters, of the erythrocyte and leucocyte systems, in one of the largest European bats, Eptesicus serotinus (Schreber, 1774), and to elucidate the relationships between the values of these parameters and the season, age and sex of the animals. The blood parameters of this bat were compared with those of terrestrial animals of similar body weight, rodents and Insectivora.
MATERIAL AND METHODS
The haematological parameters were determined in 37 bats. Thirty-six of them were caught in ornithological nets at the time of activity of these animals (from April to October) in the years 1983-1985, and one hibernating male was caught in March 1984. All these bats were caught in the Polana Białowieska (Białowieża Glade; NE Poland). The caught bats were ringed and placed in cloth bags containing moist cotton and were brought immediately to the laboratory. After several to about 20 hours blood samples were collected from live unanaesthetized animals from a cut wing vein of propatagium. When this was not possible (in some animals vasospasm of the wing membrane prevented blood outflow) a large vessel on the uropatagium was cut 1 . Besides that, the bats were weighed, their sex and age were determined. For age determination the presence or absence of epiphyseal cartilages and body weight were considered. Young animals born in the year of their catching (juveniles) and adult animals were distinguished.
The haemoglobin content (Hb) was determined using the standard procedure for cyanmethaemoglobin determination with Ljungberg's haemometer. Haematocrit value (Hct) was determined by the haematocrit method. Erythrocytes (RBC count) were counted in a Thoma chamber. The diameter of red blood cells (RBC diam.) was measured with a Zeiss micrometric eyepiece in smears, after staining them by Pappenheim's method. These data served for calculation of the mean corpuscular haemoglobin (MCH), mean corpuscular haemoglobin concentration (MCHC), mean corpuscular volume (MCV) and mean thickness of erythrocyte (RBC thick.). White blood cells (WBC) were counted in Biirker chamber and the differential white blood cell count was obtained from blood smears with Pappenheim stain examined under oil immersion using standard counting techniques.
The p values were calculated using Student's t test, accepting p<0.01 as highly significant, while p>0.05 was not significant.
RESULTS
No statistically significant differences were observed between the values of haematological parameters in males and females. The only exception was a higher value of RBC diam. in adult males caught in spring (p<0.01). However, in adult females the values of Hb, RBC count and RBC diam. as well as Hct were slightly lower, and the MCH value was slightly higher than in a corresponding group of males ( Table 1) .
The mean values of the haematological parameters and body weight were compared in the following age groups and seasons of the year (within each sex separately): (1) adult females caught in spring, (2) juvenile females caught in summer and autumn, (3) adult females caught in autumn, (4) adult males caught in spring and summer, (5) juvenile males caught in autumn (Tables 1 and 2 ). Groups: (6) adult males caught in autumn and (7) the hibernating male, were disregarded in statistical calculations in view of small number of animals.
Highly significantly higher values were found of three main erythrocyte parameters in juvenile females in relation to adult females, that is: Hb content (pCO.OOl), RBC count (p<0.01) and Hct value (p<0.001). Juvenile females were also significantly heavier than adult ones (0.02<C p<0.05). A highly significant difference was found between adult females caught in spring and autumn only in the haematocrit value (p<0.001), which was higher in autumn. The RBC count and Hb content were also higher in autumn, although no significant difference was noted. Besides that, the adult females had a greater body weight in autumn (0.001<p<0.01). No differences were found in haematological parameters and body weight between juvenile and adult females in ^ autumn (Table 1 and 2).
The leucocyte parameters in E. serotinus showed a great variability, similarly as in other species of small mammals (see Wolk, 1985) and were not significantly different between age groups, sexes and seasons. 4 Grundboeck & Krzanowski (1957) . Slightly lower values of Hb content and RBC count were found in pallid bat (Bassett & Wiederhielm, 1984) , and in the case of this species this seemed to depend on its greater body mass (31.4-12.0 g), since an inverse correlation exists between body size and oxygen-carrying capacity of blood in mammals (Burke, 1966; Wolk, 1974) . The higher haematocrit value in pallid bat (Bassett & Wiederhielm, 1984) in comparison to serotine bat was caused, probably, by greater diameter and volume of erythrocytes.
The lower values of Hb content, RBC count and Ilct, as well as a lower body weight of adult female E. serotinus in spring, in relation to proper values in the remaining groups of females (all differences were statistically significant) ( Table 1 and 2) were an evidence of their worse conditions. Similarly worse was apparently the condition measured with the same parameters in males caught in spring as compared to males in summer and autumn. Perhaps, this was the cffect of worse nutritional conditions in spring (less flying insects in air) than in summer and weight (x and SD) of the serotine bat. Table 2 Significant differences between values of haematological parameters and body weight of the serotine bat. Data with no significant differences were omitted. autumn. In a certain degree the lower values of the basic RBC parameters (Hb, RBC count, Hct) in adult females in spring might have depended on the fact that many of them were probably pregnant at that time. A similar pregnancy-associated "anaemia" is observed in certain other species of small mammals (Wołk, 1974 ). This interpretation is confirmed by the observation that the differences between RBC parameters in juvenile and adult males caught in summer and autumn are lower (significantly greater was only RBC diameter in adult animals: 0.02<C p<0.05) ( Table 1 and 2). The haematological parameters during hibernation were obtained from only one animal. E. serotinus hibernates individually, in contrast to most bat species, which makes difficult obtaining of material for examinations. The obtained results (Table 1) are insufficient for more general conclusions. According to our observations the blood of hibernating E. serotinus clotted much more slowly than that of active animals. This long clotting time in winter as compared with summer was observed also in Myotis lucijugus (Le Conte, 1831) (Smith et al., 1954) . Lewis (1977) observed in Pteropus giganteus (Briinnich, 1782) prolongation of activated partial thromboplastin and thrombin times (as compared with most other mammals).
B. Males
The values of RBC parameters in hibernating E. serotinus were much higher than in hibernating (Myotis daubentoni (Kuhl, 1817) (Wołk & Bogdanowicz, 1987) and higher also than in active E. serotinus (Table 1) . Increased RBC count during hibernation was reported also by Kallen (1968) , and increased Hct value was found by Bruce & Wiebers (1971) , Table 3 Comparison of the RBCs parameters among small mammals (in August-October). Numbers of samples are given in brackets. Liang et a I., 1984) . Falling lymphocyte and increased neutrophil counts observed in the hibernating E. serotinus (Table 1) were observed also in hibernating Myotis myotis (Jaeger, 1963) .
Neomys
The oxygen-carrying capacity of blood of E. serotinus was compared with this capacity in young but already mature, sexually inactive nonflying mammals of similar body weight but with a different way of life: Neomys fodiens (Pennant, 1771) which has an amphibian mode of life, identical in both insectivores but lower than in the rodent (Table 3) . Neomys fodiens and E. serotinus, both insectivorous, differ in RBC parameters: E. serotinus has considerably higher values of Hb, RBC and Hct (with the intermediate values found in Clethrionomys glareolus). On the other hand, the Hb content in the red blood cell (MCH index) was identical in both insectivores but lower than in the rodent (Table 3) . Lower MCI I values with similar red blood cell sizes cause that the amount of Hb per one unit of erythrocyte surface is lower, which favours full saturation of haemoglobin with oxygen, despite a very high rate of gas exchange in the lungs. Thus the efficiency and economy of this process are better. This is probably important for the diving Neomys fodiens and the flying E. serotinus. Jiirgens et al. (1981) found that, in five studied species of bats, adaptation to the requirements of high metabolic rate connected with flight is based mainly on relatively greater size of the heart and lungs and higher values of Hb, RBC count, Hct than in small terrestrial mammals. On the other hand, no differences are found between these two groups of mammals with respect to haemoglobin affinity for oxygen and Bohr's factor. In the case of E. serotinus the view of Jiirgens et al. (1981) that the diameter of bat erythrocytes is smaller than that of terrestrial mammals has not been confirmed ( Table  3 ). The diameter of erythrocytes of M. daubentoni was also 5.8 (im (Wolk & Bogdanowicz, 1987) .
In summary, it is worth stressing that the high blood oxygen carrying capacity in E. serotinus is due, in the first place, to a high haemoglobin level and a high number of erythrocytes with a relatively low index of the mean corpuscular haemoglobin content (MCH) increasing the economy of the process of gas exchange. Lower values of Hb, RBC count and Hct in adult bats in spring, in connection with lower body weight, suggest a Worse condition of the animals in that season as compared to summer and autumn.
